related deaths and hospitalizations among infants during the rotavirus season decreased by 66% [7] and 52% [8] , respectively, at a time when 1-dose RV1 coverage was an estimated 89% [8] .
From January through March 2010, Mexico's National Epidemiological Surveillance System noted an unexpected rise in healthcare visits for acute diarrheal disease, compared with the same months in previous years [9] . The epidemic was widespread, occurring in 23 of the 32 states of Mexico; however, it was particularly prominent in Chiapas, the most impoverished state in Mexico. The Ministry of Health subsequently confirmed rotavirus as the causative agent in the epidemic, identifying a very rare G9P [4] strain in a high proportion of samples. To better characterize the etiology of the outbreak, the Ministry of Health launched 2 evaluations in the state of Chiapas. In the first evaluation, they documented a high-field effectiveness of the RV1 vaccine (94%) against severe gastroenteritis due to this fully heterotypic strain, confirming that severe rotavirus disease was related to failure to vaccinate rather than vaccine failure [9] .
Because this outbreak also afforded a unique opportunity to characterize risk factors for rotavirus gastroenteritis of all severity in an outbreak setting, the Ministry of Health launched a second evaluation in Chiapas. In this report, we describe details and findings of this evaluation.
MATERIALS AND METHODS
A population-based case-control evaluation was conducted from March through May 2010 in 4 municipalities of the state of Chiapas (Huixtla, Tuxtla Gutierrez, Tapachula, and Villaflores). Cases were identified using databases of the corresponding health jurisdictions, and defined as children less than 36 months of age who had a healthcare visit (outpatient clinic or hospitalization) for acute gastroenteritis, and had rotavirus antigen detected in a stool sample by enzyme immunoassay. Acute gastroenteritis was defined as 3 or more looser-than-normal or watery stools in 24 hours. Each case was matched with 2 community controls, based on municipality and age (residing in the same municipality as the case patient and born within 30 days of the case patient's date of birth). Controls were children without symptoms of gastroenteritis since onset of the outbreak. Health brigades (with personnel from the state and local health departments) were organized to visit the homes of identified cases; corresponding controls for each case were then found in neighboring homes, alternating left and right of the case home until 2 controls were identified. A face-to-face questionnaire was administered to the parents or guardians of both cases and controls. The questionnaire included demographic characteristics, socioeconomic indicators, past medical history, nutritional status, and history of breastfeeding. Rotavirus vaccination history was documented by evaluation of the vaccination card or of written medical records. Cases and corresponding controls were considered vaccinated if the vaccination date was 14 days before the case patient's date of onset of gastroenteritis symptoms. When symptom onset date was not available, the onset of the outbreak was used as the reference date to determine the child's immunization status. For case patients, the severity of rotavirus disease was graded using the 20-point Vesikari scale [10] ; episodes scoring 11 were classified as severe. The evaluation was deemed to be public health practice by the human subjects office; however, informed consent was obtained from parents or guardians of all participants.
Bivariate analysis was conducted to assess for differences in demographics, indicators of socioeconomic status, rotavirus vaccination status, breastfeeding, and history of previous diarrhea (defined as 3 or more looser-than-normal or watery stools in 24 hours with onset previous to the start of the outbreak, January 2010). Variables significant at P < .20 in the bivariate analysis were included in a conditional logistic regression model to assess for strength of association between these independent variables and the dependent variable, rotavirus gastroenteritis. A hierarchical backward-elimination approach was used to select the final model, retaining variables significant at P < .05, and generate odds ratios (OR) with 95% confidence intervals (CI). Analysis was performed using SAS statistical software (version 9.2).
RESULTS
Overall, 85 rotavirus case patients and 170 control children were enrolled in this investigation. The median age of case patients and controls was 15 months (range, 3-26 months). Of the 85 case patients, 16 (18.8%) required hospitalization for more than 1 day, whereas the remaining 69 case patients were managed in the outpatient setting; 22 (25.9%) case patients had an episode of rotavirus gastroenteritis classified as severe based on Vesikari score 11. Among the 30 samples with strain characterization, G9[P4] was the most common isolated strain (86.7%).
Bivariate analysis indicated that case patients were more likely to report a history of previous diarrhea, history of previous upper respiratory tract infections, and living with 7 or more persons (Table 1) . Factors associated with decreased risk of rotavirus gastroenteritis included having received 1 or 2 doses of RV1, breastfeeding at the time of evaluation, owning a television or a refrigerator, and having access to gas.
When conditional logistic regression analysis was conducted, several factors remained significantly associated with rotavirus gastroenteritis (Table 2) 
DISCUSSION
Our evaluation is the first to assess factors that increase or decrease the risk of rotavirus diarrhea in a poor setting during the postvaccination era. Rotavirus vaccination, breastfeeding, and possessing a refrigerator in the home were independently associated with a lower risk of rotavirus diarrhea. In contrast, living with 7 or more people and a history of previous diarrhea episodes were independent risk factors for acquiring rotavirus gastroenteritis. The WHO and UNICEF advocate a comprehensive prevention package against all-cause diarrhea that includes rotavirus vaccination, promotion of exclusive breastfeeding for the first 6 months of life, handwashing with soap, and community-wide sanitation [11] . With regards to rotavirus prevention within this platform, our evaluation highlights the importance of immunization as a simple and highly effective public health measure to control this disease.
Rotavirus vaccination is now well established as the primary prevention strategy against severe rotavirus disease leading to hospitalization and death [7, 8] . We documented that 1 or more doses of rotavirus vaccine were significantly associated with a lower risk of rotavirus diarrhea of any severity in Chiapas. This is an important finding because a large burden of rotavirus diarrhea occurs in the outpatient setting. Moreover, because these vaccines are designed to protect primarily against severe disease [12] , their effect on milder disease is not well documented. Although controlling severe disease is of primary importance with regard to rotavirus, mild and moderate disease also has important implications for the family (eg, sick days from work) and for child health (eg, malnutrition, impaired physical and cognitive development) [13] . Thus, the findings from our investigation support the contention that vaccine benefits would extend beyond preventing severe disease and will be an important strategy for improving child health particularly in developing country settings, where multiple symptomatic infections during childhood occur commonly during the first few years of life [3, 5] .
Breastfeeding has also been previously associated with a reduced risk of rotavirus diarrhea among infants [14] [15] [16] [17] . Human milk could reduce symptomatic rotavirus infections through a combination of various bioactive molecules, including lactadherin, a glycoprotein that specifically binds to and inhibits the replication of rotavirus [18] , and maternal antirotavirus antibodies [19] . However, the protective effect of breastfeeding has not been demonstrated consistently. Some population-based assessments have shown no or mild protection [20] [21] [22] [23] . In addition, other studies have shown that breastfeeding may only confer protection against severe disease [24] or postpone rotavirus gastroenteritis to an older age [25] . Our findings are in accord with the beneficial effects of breastfeeding against infections during infancy [11] .
Similar to our evaluation, several measures of low socioeconomic status have previously been associated with rotavirus gastroenteritis hospitalizations or clinic visits. These have included poor maternal education, being covered by Medicaid or having no insurance, being born to an unmarried mother, and young maternal age [14, 26, 27] . The reasons for such findings are likely multifactorial, and may include low access to primary care and sociocultural barriers [14] . Risk factors of overcrowding and a history of previous diarrheal episodes highlight the mode of spread of rotavirus, largely person-to-person transmission [17, 26, [28] [29] [30] [31] . Crowding and other proxy measures of increased exposure to rotavirus, such as day care attendance [14, 20, 32, 33] and having a young child (<2 years old) in the household [14, 34] , have all been consistently shown to be directly associated with an increased risk for Risk Factors in an Outbreak of Rotavirus 17 rotavirus disease. Both socioeconomic status and crowding are not immediately modifiable, however, and may be beyond the influence of health authorities.
Some limitations for our evaluation should be considered. The case patients enrolled may not be representative of all the children that acquired rotavirus during the outbreak. Children with very mild disease may have been less likely to seek healthcare and be captured during surveillance. These children may have different individual, familial, and social characteristics, compared with children presenting for evaluation, and hence have different risk and protective factors. In addition, our evaluation did not include a direct assessment of exposure to other young children or sick contacts as risk factors. Because the study was conducted up to 3 months after the outbreak ended, some factors such as history of breastfeeding and prior episodes of diarrhea could be prone to recall bias. Finally, we did not differentiate between children who were exclusive or partially breastfed, and our study was not powered to measure differences in protection by number of vaccine doses received. Rotavirus diarrhea remains the most common cause of childhood morbidity and mortality worldwide, particularly in developing countries. Rotavirus vaccination has clearly been documented as the primary strategy for preventing severe rotavirus disease. Dietary, socioeconomic, and environmental characteristics are also important risk factors for childhood rotavirus gastroenteritis, and our findings point to possible strategies for prevention. Given that rotavirus is transmitted largely through person-to-person contact, improvements in sanitation and hygiene may have less of an effect on rotavirus diarrhea, compared with that caused by bacteria or parasites. However, because a single intervention is expected to result in a reduced overall impact, a broad prevention strategy that promotes early and exclusive breastfeeding, handwashing with soap, and community-wide sanitation programs is crucial for optimal control of diarrheal disease in the community. For rotavirus disease prevention, the addition of immunization to this prevention strategy is an effective and straightforward intervention.
